Objective: We aimed to study various measures of blood pressure (BP) in the subacute phase of ischemic stroke to determine whether any of them predicted clinical outcome.
Approximately 80% of patients with acute ischemic stroke present with elevated blood pressure (BP). 1, 2 Increased BP in the acute stage of ischemic stroke may be associated with poor functional outcome because there is augmentation of cerebral edema, hemorrhagic transformation, or stroke recurrence. [3] [4] [5] [6] Consequently, current guidelines recommend modest BP reduction in the acute stage, although there is uncertainty related to benefits of lowering of elevated BP. [7] [8] [9] [10] Low BP levels were actually harmful in some studies. 11 In the chronic phase of stroke, however, the efficacy of antihypertensive medications for recurrent stroke prevention has been well established, and thus, aggressive BP lowering is recommended. 12, 13 There is a paucity of information about the clinical impact of BP during the transitional period between the acute and chronic stages of ischemic stroke (i.e., the subacute stage). Elevated BP in the acute stage of ischemic stroke usually decreases spontaneously in the ensuing 7 to 10 days, and approximately 40% of patients were discharged to home without further BP management. 14, 15 BP fluctuation or variability may be an important predictor of stroke risk and outcome. 6, 16 In this research, we studied multiple BP parameters. The aim of the study was to investigate whether BP in the subacute phase of ischemic stroke was associated with 3-month function outcome and, if so, which BP parameter was most highly associated or predictive of outcome.
METHODS Standard protocol approvals, registrations, and patient consents. The study protocol was approved by the local institutional review board. The board permitted the study to be conducted without patient consent because this was a retrospective, registry-based study.
Patients. In this observational study based on a prospective stroke registry, 17 we identified a consecutive series of patients who were hospitalized at Seoul National University Bundang Hospital between January 1, 2004, and January 31, 2009. All study subjects had ischemic stroke within 48 hours of symptom onset and relevant ischemic lesions on cranial CT or brain MRI. Potential study subjects were excluded if they had died during hospitalization, were discharged just before death because the patient's family wanted them to die at home according to Korean tradition, were transferred to departments other than rehabilitation units because of medical or neurologic complications of index stroke, had missing daily BP data, had hospitalization stay of ,72 hours or .21 days, or were not assessed for functional status at 3 months after stroke onset.
Supine BP was measured in the nonparalyzed arm using a standard mercury sphygmomanometer and entered manually into the electronic medical record (EMR) as a part of the clinical nursing routine for patients cared for on general hospital units. In the emergency room, stroke unit, or intensive care unit, BP was measured using a noninvasive BP monitoring device (IntelliVue MP20; Philips Medizin Systeme, Böblingen, Germany) and recorded automatically into the EMR. BP data from hospitalization were downloaded from the clinical data warehouse of our institution's EMR. For BP and other acute stroke management, we follow the current guidelines proposed by the American Stroke Association 17 and the Korean Stroke Society. 18 Clinical characteristics, vascular risk factors, acute management strategies, and other laboratory findings were gathered directly from the stroke registry or by reviewing medical records in some cases. The subacute stage of ischemic stroke was defined as the time period during which patients were stabilized neurologically and medically. Operationally, it was defined as the time period after 72 hours from ischemic stroke symptom onset and until the day of discharge or transfer to rehabilitation units in the given period of 4 to 21 days from symptom onset.
To characterize the BP status of each individual, we obtained the following parameters for systolic BP (SBP) and diastolic BP (DBP), respectively: mean (an average of values), maximum, maximum 2 minimum, SD, and coefficient of variation (CV) (SD 3 100/mean). BP measurements representing the acute stage were restricted to the first 24 hours after admission and the mean of SBP and DBP was obtained for each patient.
Outcome assessment. Patients were prospectively followed up at 3 months from stroke onset by telephone interview as part of an institutional quality-of-care monitoring program for hospitalized stroke patients. A dedicated and trained stroke nurse (M.H. Yang) was responsible for performing the outcome assessment using the modified Rankin scale (mRS). 19 The baseline severity-adjusted analysis (responder analysis) was applied for dichotomization of outcome status. 20 That is, poor outcome was defined as a 3-month mRS score of 2 to 6 if the baseline National Institutes of Health Stroke Scale (NIHSS) score was #7 points, mRS score of 3 to 6 if the NIHSS score was 8 to 14 points, and mRS score of 4 to 6 if the NIHSS score was $15 points. Comparisons of baseline characteristics between those with good and poor outcomes were made using the Pearson x 2 test, Mann-Whitney test, or Student t test according to the type of variable (table 1) . In multivariable analysis, variables with p values ,0.2 from comparisons of baseline characteristics, and associations with outcome that were biologically plausible, were chosen as potential confounders for statistical adjustment. Selected variables were age, sex, history of stroke, history of hypertension, baseline NIHSS score, stroke subtype, diabetes mellitus, atrial fibrillation, SBP mean in the acute stage, and time interval from onset to discharge or transfer. To analyze the relationship between subacute BP status and clinical outcome, each mean value of the BP parameters was compared between those with good and poor outcomes using the Student t test (table 2) .
To examine the linearity of the relationship between subacute BP status and outcome, BP parameters were categorized into quintiles and analyzed by the x 2 test for linear trend (figure). Then, odds ratios (ORs) and their 95% confidence intervals (CIs) were calculated using multiple logistic regression analysis (tables e-1 and e-2 on the Neurology ® Web site at www.neurology.org). The likelihood ratio test for trends was used to elucidate a dose-response relationship between the quintiles of each BP parameter and risk of poor outcome.
We also computed an adjusted OR of each BP parameter, using multiple logistic regression models, for change of 1 SD, after examining a collinearity of the model, and compared the impact of each BP parameter on poor functional outcome (table 3) . As a sensitivity analysis, multiple logistic regression analyses for the BP parameters were repeated 1) using simple dichotomization of mRS score into 0-2 vs 3-6, instead of the baseline severity-adjusted dichotomization (table e-3); and 2) including subjects who were initially excluded because of death during hospitalization, discharge to die at home, and hospitalization for .21 days (table e-4).
All statistical analyses were performed with SPSS version 17.0 (SPSS Inc., Chicago, IL). A 2-sided p value of ,0.05 was generally considered a minimum level of statistical significance. RESULTS Among 2,811 patients who initially met the study eligibility criteria, 540 were eventually excluded for the following reasons: 91 died during hospitalization, were discharged to die at home by request, or were transferred to other departments because of complications; 39 had missing daily BP data; 338 were discharged ,4 days or after 21 days from stroke onset; and 72 were not assessed for functional outcome at 3 months. As a result, a total of 2,271 patients were included in the analysis. Their mean age was 66.4 years (SD, 12.8 years), and 61.2% were male. The median NIHSS score was 3 (IQR, 2-7) and 294 patients (12.9%) received thrombolysis. The patients excluded were older, had more severe neurologic deficits, and had longer duration of hospitalization compared with those included.
In an analysis of baseline severity-adjusted dichotomization of functional outcome, 902 patients (39.7%) were classified as having a poor outcome at 3 months, whereas 647 patients (28.5%) were categorized as such according to a dichotomization of the mRS at a cut point of $3 or ,3. Comparisons of baseline characteristics between those with good and poor outcome groups are presented in table 1. Consistent with previous research, age, history of stroke, SBP mean in the acute stage, baseline NIHSS score, stroke subtype, diabetes mellitus, and atrial fibrillation were associated with the 3-month functional outcome. [21] [22] [23] [24] [25] In the predefined subacute stage, the median number of BP measurements was 34 (IQR, 20-60). The median time from symptom onset to discharge or transfer was 8.7 days (IQR, 6.8-11.9 days). The profiles of BP parameters in the subacute stage are summarized in table 2. Compared with the average BP level in the acute stage, significant but minimal BP reduction (mean difference, 1.5 mm Hg; 95% CI, 0.94-1.98 mm Hg) was observed in the subacute stage (p , 0.001 by the paired t test). The proportion of patients with SBP mean $140 mm Hg was 46.5% (n 5 1,056) and for DBP mean $90 mm Hg was 9.4% (n 5 213), whereas the proportion of patients with SBP mean $170 mm Hg was 3.1% (n 5 71) and for DBP mean $110 mm Hg was 0.2% (n 5 4).
In bivariate analysis, the average values of all the BP parameters of interest differed significantly by 3-month outcome status. Patients with poor outcome had higher BP levels, except for mean DBP, and a wider range of BP variability than those with good outcome (table 2) .
The analysis by quintile categorization of BP parameters showed a dose-response relationship between most of the BP parameters and poor outcome ( figure) . The odds of a poor outcome were linearly associated with increasing quintile of BP parameters except for maximum of SBP (tables e-1 and e-2).
Because the linearity assumption was satisfied, we calculated the adjusted ORs by 1-SD change of individual BP parameters and compared the magnitude of their impact on functional outcome. Maximum 2 minimum, SD, and CV of SBP and maximum, maximum 2 minimum, SD, and CV of DBP were independently associated with poor outcome, and among them maximum 2 minimum parameters of both SBP and DBP were most highly associated with poor outcome (table 3) . None of the multivariable models with different BP parameters were found to suffer from a collinearity (a variance inflation factor ranges from 1.018 to 2.346 among models for SBP parameters, and from 1.018 to 1.958 among those for DBP parameters).
When substituting the simply dichotomized outcome for the baseline severity-adjusted outcome, or including the patients who were initially excluded, the association between BP variability and poor outcome remained significant (tables e-3 and e-4). DISCUSSION The objective of this study was to evaluate the effect of various BP parameters during the subacute stage of ischemic stroke on outcome.
A main finding was that BP variability during the subacute stage was independently associated with 3-month functional outcome.
Another key finding was that the level of BP remained elevated in the subacute stage of ischemic stroke. Specifically, the mean BP in approximately half the patients met accepted criteria for hypertension (140/90 mm Hg cut point) although such patients had been medically treated and stabilized and were soon to be discharged or transferred to another unit. These findings are consistent with previous studies such as ACCESS (Acute Candesartan Cilexetil Therapy in Stroke Survivors), 10 COSSACS (effects of antihypertensive treatment after acute stroke in the Continue or Stop post-Stroke Antihypertensives Collaborative Study), 8 and SCAST (the angiotensinreceptor blocker candesartan for treatment of acute stroke), 9 in which SBP mean was in the 135 to 150 mm Hg range during a similar time period.
A simple comparison by functional outcome status showed a statistically significant difference for all the BP parameters although the difference was modest in most cases, and the average level of BP, not BP variability, lost its statistical significance after adjustments. Findings from the COSSACS support our observations at least in part because continuation of BP medication lowered the BP level successfully but did not improve clinical outcome. 8 Regarding the influence of BP on clinical outcome, this study and the COSSACS differ from previous ones in which BP level as well as variability in the acute stage were associated with clinical outcome. 11, 26 The discriminative effect of BP between the acute and subacute stages will need to be confirmed in subsequent well-designed studies.
In the subacute stage, BP variability is associated with worse functional outcome at 3 months. As observed in the figure, the proportion with poor outcome among patients with the highest quintile of maximum 2 minimum, SD, and CV of both SBP and DBP is .2 times that of those in the lowest quintile. Furthermore, there was a statistically significant dose-response relationship. Our findings have practical ramifications and suggest that we may need to focus more attention on BP variability rather than usual BP level. Furthermore, additional research is needed to confirm or refute the modest relationship of BP variability during the subacute stage and to determine whether control of BP variability has any clinically significant benefit in patient management.
How then, might BP variability influence functional outcome? First, we speculate that BP variability during this time period may increase the risk of stroke recurrence and other vascular events, including clinically silent ischemic strokes, which might worsen functional outcome. It has been reported that BP variability is a risk factor for stroke and other end-organ damage. 16, 27, 28 Second, greater BP variability can exacerbate hypoperfusion of the brain. During the acute stage of ischemic stroke, high BP variability may be associated with lesion growth. 4, 29 Autoregulation may also be impaired in the subacute stage, 30, 31 and a hypoperfused brain is more likely to be affected by systemic BP changes. However, it should be noted that these explanations are speculative. Three to five days from stroke onset (the starting point of the subacute stage by our definition) is a large enough time interval during which the ischemic penumbra may be dead or salvaged. To clarify the causal relationship of BP variability and outcome, neuroimaging findings, such as lesion growth, recurrence, and hemorrhagic transformation, should be analyzed; however, this information was not available in the current study. We adopted baseline severity-adjusted dichotomization to define functional outcome. Recently it was suggested that this method is useful for detecting a true signal and improving study power. 30, 31 The simple dichotomization of function outcome (mRS scores 0-2 vs 3-5), which was performed as a sensitivity analysis in this study, provided similar results.
It should be noted that there was no contribution of thrombolysis to functional outcome in this study Table 3 Odds ratios for poor outcome according to (table 1). This finding might be explained by an imbalance of baseline characteristics between patients who received thrombolysis and those who did not. For example, the median baseline NIHSS score in patients with thrombolysis was 11 (IQR, 5-17), which is much higher than that in those without thrombolysis (median, 3; IQR, 1-5). We observed a modest inverse relationship between mean SBP and DBP and poor outcome. This may have occurred as a chance finding or as a function of overall medical care and clinical stabilization leading to a better functional outcome in patients with lower BP.
Limitations of our research include the retrospective nature of the study in a single-center, communitybased hospital. Furthermore, we did not consider the possible influence of antihypertensive medications or class of antihypertensive medications, or the perfusion status of the ischemic brain, which may influence BP variability or outcome. 16, 32 However, one would expect the influence of antihypertensive medications to be reflected in BP status. Finally, we cannot fully exclude the possibility that BP variability may have been the result of stroke severity, rather than the cause of poor functional outcome, because a deteriorating or fluctuating clinical course may lead to a variable BP profile. However, the adjustment of outcomes for baseline severity suggests that BP variability was causal.
Our study shows that BP status in the subacute stage of stroke influences 3-month outcome, and BP variability during this period may be a key independent predictor of clinical outcome.
